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(57) ABSTRACT

A CBN grinding particle included in a CBN grinding wheel
has a single crystal CBN grinding particle having a tetrahe-
dron construction and a multi crystal CBN grinding particle.
The single crystal CBN grinding particle is blended with a
ratio of equal to or more than 50% to a total summed volume
of'the single and multi CBN grinding particles. A CBN grind-
ing wheel having the CBN grinding particle is especially
suitable for rough grinding.
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1
CUBIC BORON NITRIDE GRINDING WHEEL

INCORPORATION BY REFERENCE

The present application claims priority under 35 U.S.C.
§119 to Japanese Patent Applications No. 2010-214774, filed
on Sep. 27, 2010. The content of this application is incorpo-
rated herein by reference in the entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a cubic boron nitride (here-
inafter referred as CBN) grinding wheel formed by including
the CBN grinding particles.

2. Description of the Related Art

In a prior CBN grinding wheel such as Japanese Patent
Laid-open Publication Tokkai 2010-131699 is disclosed a
CBN grinding wheel having one kind of CBN grinding par-
ticles. Inthe other prior CBN grinding wheel such as Japanese
Patent Laid-open Publication Tokkaihei 9-267266 is dis-
closed a CBN grinding wheel having both of a single crystal
CBN grinding particle and a multi crystal CBN grinding
particle. The single crystal CBN grinding particle has good
sharpness of cutting by generating cutting portion autoge-
neously and the multi crystal CBN grinding particle has good
finishing by superior strength of the grinding particle itself as
disclosed in the Japanese Patent Laid-open Publication Tok-
kaihei 9-267266.

In general, it is needed for a grinding wheel to reduce
grinding force and wear in a rough grinding. Reducing the
grinding force results to restrain a calorific value and to
improve machining efficiency. Reducing wear improves the
grinding wheel life.

SUMMARY OF THE INVENTION

In view of the previously mentioned circumstances, it is an
object ofthe present invention to provide a cubic boron nitride
grinding wheel especially suitable for a rough grinding.

In order to achieve the above and other objects, one aspect
of'the present invention provides a cubic boron nitride (here-
inafter referred as CBN) grinding wheel formed by bonding
the CBN grinding particle by an adhesive material, wherein
the CBN grinding particle includes a single crystal CBN
grinding particle having a tetrahedron construction and a
multi crystal CBN grinding particle, and a volume ratio of the
single crystal CBN grinding particle to a total summed vol-
ume of the single and multi CBN grinding particles is equal to
or more than 50%. Since the single crystal CBN grinding
particle having the tetrahedron construction has a sharpened
cleavage surface, the single crystal CBN grinding particle
contributes to reduce the grinding force. On the other hand,
since the multi crystal CBN grinding particle has character of
high tenacity, the multi crystal CBN grinding particle has a
tendency not to be worn itself. Therefore, it is tendency that
the multi crystal CBN grinding particle can be located in far
position from the surface of the CBN grinding wheel and the
single crystal CBN grinding particle having the tetrahedron
construction is located in inside position along a radial direc-
tion from the multi crystal CBN grinding particle. By this
construction, the multi crystal CBN grinding particle can
receive larger force in comparison with the single crystal
CBN grinding particle receiving smaller force. By these con-
structions on the surface of the CBN grinding wheel, the
single crystal CBN grinding particle having the tetrahedron
construction can reduce the grinding force in a way that the
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multi crystal CBN grinding particle can achieve its superior
wear resistance. Since the volume ratio of the single crystal
CBN grinding wheel particle is equal to or more than 50%
volume, the single crystal CBN grinding wheel particle hav-
ing the tetrahedron construction is steadily positioned to be
ableto grind a workpiece. Therefore, the CBN grinding wheel
according to the present invention can achieve a useful char-
acter needed for the rough grinding.

The second aspect of the present invention provides mainly
the adhesive material not including therein continuous cavi-
ties to be communicated to an atmosphere but including
therein individually isolated fine cavities not to be communi-
cated to said atmosphere. In general, a CBN grinding wheel
having continuous cavities has tendency having a bad holding
force of the grinding particle so that it is difficult to hold both
of the single crystal CBN grinding particle and the multi
crystal CBN grinding particle in their original states. There-
fore, the prior CBN grinding wheel has a difficulty of achiev-
ing to improve wearing resistance and to reduce the grinding
wheel life. In general, a CBN grinding wheel were able to be
manufactured without any cavities in the adhesive material so
that the CBN grinding wheel is able to improve holding force
but has a trouble to make dressing, therefore the CBN grind-
ing wheel is not manufactured actually. The CBN grinding
wheel according to the second aspect however includes the
individually isolated fine cavities so that it can achieve high
holding force, thereby to keep the single crystal CBN grind-
ing particle and the multi crystal CBN grinding particle in
their original states. As a result, the present invention can
improve the wear resistance and reduce the grinding force.

The third aspect of the present invention provides mainly
the adhesive material including an oxide material and an
amorphous glass. Thereby, the oxide material and the amor-
phous glass act as a foam material to make the individually
isolated fine cavities achieving the above-explained effects.

BRIEF DESCRIPTION OF THE DRAWINGS

Various other objects, features and many of the attendant
advantages of the present invention will be readily appreci-
ated as the same becomes better understood by reference to
the following detailed description of the preferred embodi-
ments when considered in connection with the accompanying
drawings, in which:

FIG. 1 is a diagram of a grinding wheel by being viewed
from an axis direction;

FIG. 2 is a schematic view of a CBN grinding wheel;

FIG. 3 is a graph showing a relation of grinding wheel life
and grinding power of a CBN grinding wheel.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A preferred embodiment of a grinding wheel having a
cubic boron nitride (hereinafter referred as CBN) grinding
wheel according to the present invention will be described in
referring to FIG. 1 and FIG. 2. A grinding wheel 10 includes
a base 20 being like a circular disk formed with a metal such
as an iron, an aluminum and so on, a plurality of segments of
a CBN grinding wheel 30 bonded on an outer peripheral
surface of the base 20 as shown in FIG. 1. The plural segments
of'the CBN grinding wheel 30 consist of plural arc segments
with a thickness of 5 to 10 mm along a radial direction and are
gathered and aligned to be formed as one annular circular
shape.

Each of the CBN grinding wheel 30 includes a single
crystal CBN grinding particle 31 having a tetrahedron con-
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struction, a multi crystal CBN grinding particle 32 and a
vitrified bond adhesive material 33 as shown in FIG. 2.

The single crystal CBN grinding wheel 31 having the tet-
rahedron construction has character being able to be torn or
broken relatively easily by load thereby to become a state
having a sharpened cleavage surface. The sharpened cleavage
surface is distinctively appeared because of the tetrahedron
construction. The multi crystal CBN grinding particle 32 has
character of high tenacity. The CBN grinding wheel 30 has
the single crystal CBN grinding particle 31 of equal to or
more than 50% volume ratio of a total volume summing the
volumes of the single crystal CBN grinding particle 31 and
the multi crystal CBN grinding particle 32. A ratio of an
average diameter of the single crystal CBN grinding particle
31 to that of the multi crystal CBN grinding particle 32 is
between three-fifths (35) and four-fifths (45). It will be
described hereinafter about detail contents of the volume ratio
and the average diameter ratio.

The vitrified bond adhesive material 33 consists of an oxide
particle 33a and an amorphous glass 335. The vitrified bond
adhesive material 33 covers on surfaces of the single crystal
CBN grinding particle 31 and the multi crystal CBN grinding
particle 32 respectively in order to bond the single crystal
CBN grinding particle 31 and the multi crystal CBN grinding
particle 32 each other. A predetermined number of individu-
ally isolated fine cavities 33¢ are filled within the vitrified
bond adhesive material 33. Each of the individually isolated
fine cavities 33c is constructed not to be exposed to atmo-
sphere. From the above-identified construction the individu-
ally closed fine cavities 33¢ are not continuous cavities com-
municated to the atmosphere. Therefore, the vitrified bond
adhesive material 33 does not include the continuous cavities
communicated to the atmosphere.

The vitrified bond adhesive material 33 will be explained
hereinafter in detail. The oxide particle 33a is added for the
purpose to reinforce intensity of the amorphous glass 335 and
is selected from one of zircon (ZrSiO4), titania (Ti02), zir-
conia (ZrO2), chromia (Cr203), aluminum oxide (A1203),
etc. as a silicate mineral. The amorphous glass 335 can be
selected from borosilicate glass, phosphate glass, borate
glass, etc. Each of coefficients of linear thermal expansion of
the oxide particle 33a and the amorphous glass 335 is sub-
stantially equal to the coefficient of linear thermal expansion
of'the CBN grinding particles 31, 32 after bonded. The coet-
ficient of linear thermal expansion is likely within the range of
(3.522)x1075/° C. (three point five plus or minus two times
ten to the minus six power per Celsius degrees). Under this
condition, the CBN grinding particles 31, 32, the oxide par-
ticle 33a and the amorphous glass 335 are not separated
caused by temperature changes, thereby to maintain quality
of the CBN grinding wheel 30.

The oxide particle 33a and the amorphous glass 335 con-
structing the vitrified bond adhesive material 33 are mixed
and formed in a volume ratio of between 3 to 7 and 4 to 6. This
is the reason that fluidity of the amorphous glass 335 can not
be restrained so that a profile of the CBN grinding wheel 30 is
destroyed its corner to be round during or after baking if the
volume ratio of the oxide particle 33a is under 30%. And also
if the volume ratio of the oxide particle 33a is over 40%, the
amorphous glass 3354 including the oxide particle 33a
becomes to be stiff and hard too much so that dressing ability
turns to be worse and a calorific value is large thereby to cause
a grinding burning. As a result, the CBN grinding wheel 30 is
constructed that the volume ration of the oxide particle 33a is
between 30% and 40% in order that the CBN grinding wheel
30 is burned to be desired profile with adequate stillness.
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Itis best for the CBN grinding wheel 30 to be manufactured
in a way that the volume ratio of the vitrified bond adhesive
material 33 to the total summed volume of the CBN grinding
particles 31,32 is between 1 to 1 and 6 to 1. The volume ratio
corresponds to be from 50 to 200 in a concentrating degree of
the CBN grinding particles 31, 32. The low concentrating
degree results that the CBN grinding wheel 30 does not
receive any large grinding force from the beginning thereby
not to make the grinding burning.

The vitrified bond adhesive material 33 added zircon (Zr-
Si04) as the oxide particle 33a and burned covers the periph-
ery of the CBN grinding particles 31, 32 and is embedded in
a space between the CBN grinding particles 31, 32, and bonds
each of the CBN grinding particles 31, 32. The plurality of
individually isolated fine cavities 33¢ are formed with a pre-
determined volume ratio within the vitrified bond adhesive
material 33 and embedded in the space between the CBN
grinding particles 31, 32. The individually isolated fine cavity
33c is a cavity individually closed or isolated without com-
municating with an atmosphere. The predetermined volume
ratio is a volume ratio suitable for maintaining keeping and
holding force of the vitrified bond adhesive material 33 with
the CBN grinding particles 31, 32 and for maintaining the
dressing ability to the vitrified bond adhesive material 33. The
predetermined volume ratio of the individually isolated fine
cavities 33¢ to the amorphous glass 335 of the vitrified bond
adhesive material 33 is best as 8%=4%. Controlling of the
volume ratio of the individually isolated fine cavities 33c¢ is
achieved by adjusting volume of foam material mixed in a
process of manufacturing explained hereinafter. An average
diameter of the individually isolated fine cavities 33c is best
to be formed from 1% to 12 or 13% of the vitrified bond
adhesive material 33.

“Manufacturing Process of the Grinding Wheel”

The manufacturing process of the grinding wheel 10 will
be explained hereinafter. At first, the manufacturing process
of the circular CBN grinding wheel 30 will be explained.
Powders of the oxide particle 334 and the amorphous glass
33b are mixed evenly and a ratio of a total volume of the
integrated oxide particles 334 to a total volume of the inte-
grated amorphous glasses 335 is from 3 to 7 to 4 to 6. The
single crystal CBN grinding particle 31 having the tetrahe-
dron construction and the multi crystal CBN grinding particle
32 are mixed evenly in a state that the volume ratio of the
single crystal CBN grinding particle 31 to the multi crystal
CBN grinding particle 32 is from 90 to 10 to 50 to 50. It is
regulated that the ratio of the average diameter of the single
crystal CBN grinding particle 31 to the average diameter of
the multi crystal CBN grinding particle 32 is from three-fifths
(¥5) to four-fifths (45).

The single crystal CBN grinding particle 31 and the multi
crystal grinding particle 32 are mixed into the vitrified bond
adhesive material 33 to be scattered evenly. The volume ratio
of the vitrified bond adhesive material 33 to the total volume
of'the CBN grinding particles 31, 32 is between 1 to 1 and 6
to 1.

The foam material forming the individually isolated fine
cavities 33¢ in the vitrified bond adhesive material 33 is
hexagonal boron nitride (hBN) and powders of the hBN is
mixed evenly. The amount of the foam material is from 0.5%
to 2% volume of the amorphous glass 335. The foam material
may be fluorite (CaF2) or calcium carbonate (CaCO3).

The mixture of the vitrified bond adhesive material 33,
CBN grinding particles 31, 32 and foam material are entered
into a die to be pressed by predetermined pressure and then
burned. The bonding force of the vitrified bond adhesive
material 33 is adjusted by adjusting pressure for pressing. The
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hBN as the foam material and the amorphous material 335 are
reacted to generate gas during burning. The generated gas
becomes the individually isolated fine cavity 33¢ formed in
the vitrified bond adhesive material 33.

The plural individually isolated fine cavities 33¢ are
formed in the vitrified bond adhesive material 33 to manufac-
ture the CBN grinding wheel 30 having the single crystal
CBN grinding particle 31 with the tetrahedron construction
and the multi crystal CBN grinding particle 32 by the above
manufacturing process. It is good to make the average diam-
eter of the individually isolated fine cavity 33¢ with from 1%
to 12 or 13% of the average diameter of the CBN grinding
particles 31, 32. For example, it is good that the average
diameter of the individually isolated fine cavity 33c¢ is from 1
micrometer to 12 or 13 micrometers where the average diam-
eter of the CBN grinding particles 31, 32 is 100 micrometers
by adjusting the amount of the foam material. The grinding
wheel 10 is completed by bonding the plural arc segments of
the manufactured CBN grinding wheel 30 to the peripheral
surface of the body 20 as shown in FIG. 1.

“Evaluation Test”

It is explained the evaluation test of the CBN grinding
wheel 30 about a grinding wheel life and grinding force.
“Evaluation Condition”

The evaluation condition is as follows. A workpiece is
made of a ductile iron (FCD) and is a cylindrical form with
induction hardening on its outer peripheral surface. The
grinding wheel 10 is a disk like form with a diameter of 350
mm. A surface speed is 80 m/s (eighty meters per second) and
grinding efficiency is 50 mm*/mm/s (fifty cubic millimeters
per millimeter per second).

In relating to the CBN grinding wheel 30 consisting of the
grinding wheel 10, it is prepared several types of the volume
ratio of the single crystal CBN grinding particle 31 to the
multi crystal CBN grinding particle 32 and the average diam-
eter ratio of the single crystal CBN grinding particle 31 to the
multi crystal CBN grinding particle 32. In this embodiment of
the present invention, the prepared four types of the volume
ratio of the single crystal CBN grinding particle 31 to the
multi crystal CBN grinding particle 32 are 100 to 0, 90 to 10,
7510 25 and 0 to 100. At the types having both of the single
crystal CBN grinding particle 31 and the multi crystal CBN
grinding particle 32, the two types of the average diameter
ratio of the single crystal CBN grinding particle 31 to the
multi crystal CBN grinding particle 32 are 1 to 1 and 2 to 3.
“Result of Test”

The result of the test is shown in FIG. 3. FIG. 3 indicates
grinding wheel life on a longitudinal axis, and on a transversal
axis grinding power converted from grinding force. A symbol
“A” in FIG. 3 shows the type of 100% volume ratio of the
single crystal CBN grinding particle 31 and a symbol “B” in
FIG. 3 shows the type of 100% volume ratio of the multi
crystal CBN grinding particle 32. A symbol “C1” shows the
type that the volume ratio of the single crystal CBN grinding
particle 31 to the multi crystal CBN grinding particle 32 is 90
to 10 and the average diameter ratio of the single crystal CBN
grinding particle 31 to the multi crystal CBN grinding particle
32is 1 to 1. A symbol “C2” shows the type that the volume
ratio of the single crystal CBN grinding particle 31 to the
multi crystal CBN grinding particle 32 is 90 to 10 and the
average diameter ratio of the single crystal CBN grinding
particle 31 to the multi crystal CBN grinding particle 32 is 2
to 3. A symbol “D1” shows the type that the volume ratio of
the single crystal CBN grinding particle 31 to the multi crystal
CBN grinding particle 32 is 75 to 25 and the average diameter
ratio of the single crystal CBN grinding particle 31 to the
multi crystal CBN grinding particle 32 is 1 to 1. A symbol
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“D2” shows the type that the volume ratio of the single crystal
CBN grinding particle 31 to the multi crystal CBN grinding
particle 32 is 75 to 25 and the average diameter ratio of the
single crystal CBN grinding particle 31 to the multi crystal
CBN grinding particle 32 is 2 to 3.

As shown in FIG. 3, the version having 100% volume ratio
of the multi crystal CBN grinding particle 32 shown by “B”
indicates improvement of the grinding wheel life but indi-
cates large grinding force, converted to the grinding power in
FIG. 3, in comparison with the type of the version having
100% volume ratio of the single crystal CBN grinding par-
ticle 31 shown by “A”. Therefore, it is needed the grinding
wheel 10 having the same grinding force to that of the type
having 100% volume ratio of the single crystal CBN grinding
particle 31 and having the improved grinding wheel life. Here
is shown a linear line from “A” to “B” in both of which each
type do not have the other of the multi crystal CBN grinding
particle 32 nor the single crystal CBN grinding particle 31 in
order to compare the type in “C1”, “C2”, “D1” and “D2”
having blended materials of the single crystal CBN grinding
particle 31 and the multi crystal CBN grinding particle 32
with that in “A” and “B”.

Each of “C1”, “C2”, “D1” and “D2” is located under the
linear line of “A” and “B” so that each of “C17, “C2”, “D1”
and “D2” shows reduced grinding force compared to a sym-
bol having the same grinding wheel life. This results that it
can reduce grinding force with maintaining the reasonable
grinding wheel life by blending the single crystal CBN grind-
ing particle 31 and the multi crystal CBN grinding particle 32.

Where the grinding force is too high, there is a possibility
to happen to generate the grinding burning. Therefore, the
grinding force should be controlled to comparably low level.
The grinding force at “C1”, “C2”, “D1” or “D2” is not so large
in comparison with that of the type having 100% volume ratio
of'the single crystal CBN grinding particle 31. As aresult, the
grinding force at “C17, “C2”, “D1” or “D2” is useful. There-
fore, the type of “C1”, “C2”, “D1” or “D2” improves the
grinding wheel life extremely at same time that this type has
the same grinding force compared to the type having 100%
volume ratio of the single crystal CBN grinding particle 31.

Referred to FIG. 3, it will be explained a type having the
different average diameter of the single crystal CBN grinding
particle 31 from the average diameter of the multi crystal
CBN grinding particle 32. That is comparison of “C1” and
“C2”, and comparison of “D1” and “D2” in FIG. 3.

Since the symbol “C2” shows the type that the volume ratio
of the single crystal CBN grinding particle 31 to the multi
crystal CBN grinding particle 32 is 90 to 10 and the average
diameter of the single crystal CBN grinding particle 31 is
two-thirds (%4) of the average diameter of the multi crystal
CBN grinding particle 32, the type of “C2” has almost same
grinding wheel life but reduces the grinding force compared
to that of “C1” having the same average diameter. Since the
symbol “D2” shows the type that the volume ratio of the
single crystal CBN grinding particle 31 to the multi crystal
CBN grinding particle 32 is 75 to 25 and the average diameter
of the single crystal CBN grinding particle 31 is two-thirds
(¥5) of the average diameter of the multi crystal CBN grinding
particle 32, the type of “D2” has almost same grinding wheel
life but reduces the grinding force compared to that of “D1”
having the same average diameter. Therefore, the grinding
force can be reduced with same grinding wheel life by the
way that the average diameter of the single crystal CBN
grinding particle 31 is two-thirds (%5) of the average diameter
of the multi crystal CBN grinding particle 32.
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“Verification”

It will be verified to reduce the grinding force extremely by
mixing the single crystal CBN grinding particle 31 and the
multi crystal CBN grinding particle 32. As shown in FIG. 2,
the single crystal CBN grinding particle 31 and the multi
crystal CBN grinding particle 32 are exposed from the vitri-
fied bond adhesive material 33 on the outer peripheral surface
of'the grinding wheel 10. Each of the CBN grinding particles
31, 32 can grind the workpiece by being exposed from the
vitrified bond adhesive material 33.

The single crystal CBN grinding particle 31 having the
tetrahedron construction has the character being able to be
torn or broken relatively easily by receiving load thereby to
become a state having a sharpened cleavage surface, as
explained above. On the other hand, since the multi crystal
CBN grinding particle 32 has character of high tenacity, it is
not easily torn nor broken as the single crystal CBN grinding
particle 31 is. Therefore, it is tendency that the multi crystal
CBN grinding particle 32 can be located in far position from
the surface of the grinding wheel 10 and the single crystal
CBN grinding particle 31 having the tetrahedron construction
is located in inside position from the multi crystal CBN grind-
ing particle 32 as shown in FIG. 2. By this construction, the
multi crystal CBN grinding particle 32 can receive larger
force in comparison with the single crystal CBN grinding
particle 31 receiving smaller force.

By these constructions on the surface of the grinding wheel
10, the single crystal CBN grinding particle 31 having the
tetrahedron construction can not be torn or broken easily by
the way that the multi crystal CBN grinding particle 32 can
achieve its superior wear resistance. Thereby, the grinding
wheel life can be extended and reducing the grinding force
can be steadily achieved by the single crystal CBN grinding
wheel particle 31 having the tetrahedron construction. Where
it is selected the type that the volume ratio of the single crystal
CBN grinding wheel particle 31 is equal to or more than 50%
volume, ratio of the exposed single crystal CBN grinding
particle 31 is increased so that the workpiece can be steadily
ground by the single crystal CBN grinding wheel particle 31
having the tetrahedron construction. Therefore, the grinding
force can be steadily reduced.

Better is the version that the average diameter ratio of the
single crystal CBN grinding particle 31 to that of the multi
crystal CBN grinding particle 32 is equal to or less than
four-fifths (45). By the construction that the average diameter
of'the single crystal CBN grinding particle 31 is less than that
of'the multi crystal CBN grinding particle 32, the multi crys-
tal CBN grinding particle 32 is located in further position
from the surface of the grinding wheel 10 than that of the
single crystal CBN grinding particle 31, thereby it can locate
the single crystal CBN grinding particle 31 having the tetra-
hedron construction in inside position from the multi crystal
CBN grinding particle 32 as shown in FIG. 2.

In addition, best is the version that the average diameter
ratio of the single crystal CBN grinding particle 31 to that of
the multi crystal CBN grinding particle 32 is equal to or more
than three-fifths (35). By the construction that the average
diameter of the single crystal CBN grinding particle 31 is not
too less than that of the multi crystal CBN grinding particle
32, the single crystal CBN grinding particle 31 can be steadily
exposed from the vitrified bond adhesive material 33 on the
surface of the grinding wheel 10. Therefore, by the construc-
tion that the average diameter ratio of the single crystal CBN
grinding particle 31 to that of the multi crystal CBN grinding
particle 32 is between three-fifths (35) and four-fifths (45), the
multi crystal CBN grinding particle 32 can be located in far
position from the surface of the grinding wheel 10 and the
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single crystal CBN grinding particle 31 having the tetrahe-
dron construction can be located in inside position from the
multi crystal CBN grinding particle 32.

The individually isolated fine cavities 33¢ are not continu-
ous cavities communicated to the atmosphere and are formed
within the vitrified bond adhesive material 33 embedded in
the space between the CBN grinding particles 31, 32 so that
holding power of the CBN grinding particles 31, 32 is
increased. Thereby, the CBN grinding particles 31, 32 can be
held in the above-identified state. In other words, the CBN
grinding wheel 10 of the present invention can improve the
wear resistance and reduce the grinding force by having the
individually isolated fine cavities 33¢. And the CBN grinding
wheel 30 of the present invention can have good dressing
ability by the individually isolated fine cavities 33¢, thereby
to have high performance for the CBN grinding wheel 30 by
the individually isolated fine cavities 33c.

As explained above, the CBN grinding wheel 30 according
to the present invention can reduce the grinding force and the
wear by the above constructions. Reducing wear contributes
to restrain the calorific value and to improve machining effi-
ciency. Reducing wear improves the grinding wheel life.
Reducing grinding force and wear is important factor espe-
cially in rough grinding. Therefore, the grinding wheel 10 is
suitable for the rough grinding, thereby to be able to be used
in replacing for turning.

While the invention has been described in detail with ref-
erence to the preferred embodiment, it will be apparent to
those skilled in the art that the invention is not limited to the
present embodiment, and that the invention may be realized in
various other embodiments within the scope of the claims.

For example, while the adhesive material is the vitrified
bond material in the embodiment, however the present inven-
tion is not limited to the construction, but it may be applied to
various types of the adhesive material such as a metal bond.

What is claimed is:

1. A cubic boron nitride (CBN) grinding wheel comprising
a CBN grinding particle and vitrified bond adhesive material,
wherein;

said CBN grinding particle includes a single crystal CBN
grinding particle having a tetrahedron construction and a
multi crystal CBN grinding particle;

a volume content of said single crystal CBN grinding par-
ticle to a total summed volume of said single and multi
CBN grinding particles is equal to or more than 50%;

a volume ratio of the vitrified bond adhesive material to the
total volume of said single and multi CBN grinding
particles is from 1:1 to 6:1; and

a ratio of average diameter of said single crystal CBN
grinding particle to average diameter of said multi crys-
tal CBN grinding particle from three-fifths to four-fifths.

2. A cubic boron nitride (CBN) grinding wheel according
to claim 1, wherein the volume ratio of said single crystal
CBN grinding particle to a total summed volume of said
single and multi CBN grinding particles is 9:1; and

the diameter of said single crystal CBN grinding particle to
a diameter of said multi crystal CBN grinding particle is
1:1.

3. A cubic boron nitride (CBN) grinding wheel according
to claim 1, wherein the diameter of said single crystal CBN
grinding particle to a diameter of said multi crystal CBN
grinding particle is 1:1.5.

4. A cubic boron nitride (CBN) grinding wheel according
to claim 1, wherein the volume ratio of said single crystal
CBN grinding particle to a total summed volume of said
single and multi CBN grinding particles is 3:1; and
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the diameter of said single crystal CBN grinding particle to
a diameter of said multi crystal CBN grinding particle is
1:1.

5. A cubic boron nitride (CBN) grinding wheel according
to claim 1, wherein the volume ratio of said single crystal
CBN grinding particle to a total summed volume of said
single and multi CBN grinding particles is 3:1; and

the diameter of said single crystal CBN grinding particle to

a diameter of said multi crystal CBN grinding particle is
1:1.5.

6. A cubic boron nitride (CBN) grinding wheel according
to claim 1, wherein said adhesive material does not include
therein continuous cavities to be communicated to an atmo-
sphere but includes therein individually isolated fine cavities
not to be communicated to said atmosphere.

7. A cubic boron nitride (CBN) grinding wheel according
to claim 1, wherein said adhesive material includes an oxide
material and an amorphous glass.

8. A cubic boron nitride (CBN) grinding wheel according
to claim 2, wherein said adhesive material does not include
therein continuous cavities to be communicated to an atmo-
sphere but includes therein individually isolated fine cavities
not to be communicated to said atmosphere.

9. A cubic boron nitride (CBN) grinding wheel according
to claim 2, wherein said adhesive material includes an oxide
material and an amorphous glass.
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10. A cubic boron nitride (CBN) grinding wheel according
to claim 3, wherein said adhesive material does not include
therein continuous cavities to be communicated to an atmo-
sphere but includes therein individually isolated fine cavities
not to be communicated to said atmosphere.

11. A cubic boron nitride (CBN) grinding wheel according
to claim 3, wherein said adhesive material includes an oxide
material and an amorphous glass.

12. A cubic boron nitride (CBN) grinding wheel according
to claim 4, wherein said adhesive material does not include
therein continuous cavities to be communicated to an atmo-
sphere but includes therein individually isolated fine cavities
not to be communicated to said atmosphere.

13. A cubic boron nitride (CBN) grinding wheel according
to claim 4, wherein said adhesive material includes an oxide
material and an amorphous glass.

14. A cubic boron nitride (CBN) grinding wheel according
to claim 5, wherein said adhesive material does not include
therein continuous cavities to be communicated to an atmo-
sphere but includes therein individually isolated fine cavities
not to be communicated to said atmosphere.

15. A cubic boron nitride (CBN) grinding wheel according
to claim 5, wherein said adhesive material includes an oxide
material and an amorphous glass.
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